An estimate of carbon dioxide storage capacity in the Upper Cambrian basal sandstone of the Midwest region by Medina, Cristian R. & Rupp, John A.
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Figure 4: Phase diagram of CO2 indicating 
pressure and temperature conditions at which
CO2 behaves as a supercritical fluid. The red 
rectangle indicates the P-T conditions of the 
Mount Simon reservoir throughout the 
study area.
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An Estimate of Carbon Dioxide Storage Capacity in the Upper Cambrian Basal Sandstone of the Midwest Region
Porosity values collected from core analyses and geophysical logs from the Upper Cambrian Mount Simon Sandstone in the western part
of the Midwest Regional Carbon Sequestration Partnership (MRCSP) region indicate a predictable decrease in porosity with depth. Using this 
relationship and the methodology of the Carbon Sequestration Atlas of the United States and Canada, we have estimated the potential geologic 
storage capacity of CO2 in this deep saline aquifer. The storage capacity is a function of the area being assessed, the porosity and gross thickness
of the stratigraphic unit, and the CO2 storage efficiency factor, which accounts for reservoir continuity, effective porosity, and the level of certainty
of characterization. Our calculations include different scenarios for CO2 storage capacity, which is highly sensitive to changes in the subsurface 
properties. The porosity and thickness of the deep saline aquifer were used to calculate net porosity feet by using the regional trend of decreasing 
porosity (φ) with depth relationship (d, in feet) [φ (d) = 16.36 * e-0.00012*d; r2=0.41]. To evaluate the applicability of this relationship, we compared the 
theoretical values of net porosity with those obtained from geophysical logs. This approach generates solutions of the spatial distribution of net porosity
feet that can be used to calculate storage volume potential at specific localities. The summation of these locality-specific calculations is in agreement
with the value of 86 billion metric tons of CO2 estimated by the MRCSP for the total capacity of the Mount Simon Sandstone in the region. 
1. DOE, 2008. Carbon sequestration atlas of the United States and Canada. Second Edition. 140 p.
2. Hoholick, J.D., Metarko, T. and Potter, P.E., 1984. Regional variations of porosity and cement: St. Peter and Mount Simon Sandstones in Illinois Basin. AAPG Bulletin, 68, 753-764.
In order to ensure that the CO2 injected into deep saline aquifers is in the supercritical phase (and hence avoiding the gaseous phase), the pressure
and temperature in the reservoir should be at least 7.4 MPa and 31 oC (above the critical point of CO2, figure 4). At surface conditions (0.1 MPa and 
25 oC), CO2 behaves as a gas (ρ=1.8 kg/m
3). If we assume a hydrostatic pressure gradient of 10.5 MPa/km (0.43 psi/ft) and a geothermal gradient of
30 oC/km (1.63 oF/100 ft), CO2 can be stored as a supercritical fluid below a depth of 800 m (~2,500 ft).
This minimum threshold value for depth corresponds to a minimum density of CO2 of 
260 kg/m3, allowing for greater quantities of CO2 to be stored in deeper aquifers. 
The top of the Mount Simon Sandstone occurs at depths greater than 2,500 ft 
throughout the region (figure 2), corresponding to supercritical pressure and 
temperature conditions for CO2. 
Figure 5: Isopach map of the Mount Simon Sandstone in the region.
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The maximum depth considered in this assessment corresponds to 7,000 ft 
(figures 11 and 12), at which the porosity of the Mount Simon Sandstone is 
reduced to 7 percent. This maximun threshold was based on the predictive 
equation derived in this work (figure 3).
Low Estimate (ξ=0.01) High Estimate (ξ=0.04)
Mt. Simon Formation 21,700 86,900
St. Peter Sandstone 8,800 35,300
Medina/Tuscarora Sandstone 7,900 31,500
Rose Run Sandstone 5,700 23,100
Oriskany Sandstone 1,900 7,800
Sylvania Sandstone 1,500 6,000
Wastegate Formation 400 1,800
Basal Conasauga Sandstones 400 1,700
Potsdam Sandstone 1,200 4,500
Rome Trough Sandstones 100 500
TOTAL Deep Saline 49,600 199,100
Deep Saline Formation
Potential CO2 Storage Resource                                                             
(million metric tons CO2)
1. We observed a high correlation (r2=0.837) between measured and theoretical values of net porosity feet, suggesting that regional trends of storage capacity can be estimated from 
 back-of-the-envelope calculations from readily available information, such as stratigraphic picks (top and bottom) of the unit being assesed and averaged values of porosity.
2. However, assigning specific values of net porosity feet on a county by county basis yields much more site-accurate estimates of storage capacity (figure 11).
3. Previous studies agree that at depths greater than 7,000 ft, porosity decreases exponentially to less than 7 percent. Therefore, areas below this depth may not be suitable as 
    candidates for the effective sequestration of CO2. 
4. Our results of the storage capacity of the Mount Simon Sandstone in the region are 10 percent lower than those published by the DOE (2008). These analyses must be used only
    for regional purposes. A detailed site caracterization must be conducted if we want to understand the distribution of high/low porosity zones within an area of interest. Detailed site 
 characterization can also be used to verify or calibrate our proposed model.
5. We focused on the calculation of storage for Carbon Capture & Storage (CCS), but further studies are needed in order to include other factors that ultimately determine the functional
   capacity, such as reservoir pressure increase, injectivity, and heterogeneities.
Storage Capacity Estimation
Source: Carbon Sequestration ATLAS of the United States and Canada (2008).
 Parameter   Units*   Description  
 GCO2  M  Mass estimate of saline formation CO2 resource.  
 At  L2  Geographical area that deﬁnes the basin or region being assessed for CO2 storage calculation.  
 ht  L  
Gross thickness of saline formations for which CO2 storage is assessed within the basin or 
region deﬁned by A.  
 φtot  L3/L3
Average porosity of entire saline formation over thickness hg or total porosity of saline 
formations within each geologic unit’s gross thickness divided by ht .  
 ρ**  M/ L3  
Density of CO2 evaluated at pressure and temperature that represents storage conditions 
anticipated for a speciﬁc geologic unit averaged over ht .
 ξ  L3/L3
CO2 storage eﬃciency factor that reﬂects a fraction of the total pore volume that is ﬁlled by 
CO2.  
* L is length; M is mass.  
**ρ = 47.92 [lbs/ft3] = 767.6 [kg/m3]
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The total volume available for the storage of CO2 in the Mount Simon Sandstone in the 4-states region defined in this work (Indiana, Kentucky, Michigan, and Ohio,
figure 1), was estimated using the methodology proposed by the DOE and published in the “Carbon Sequestration Atlas of the U.S. and Canada” (DOE, 2008). 
In order to facilitate the comparison between our results and those presented by 
DOE (2008), we used values of ξ of 0.01 and 0.04 (1% and 4% of reservoir
storage efficiency).
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CountyID State
Area 
(Km2)
Measured 
1%
Theoretical 
1%
Measured  
4 %
Theoretical  
4%
1 Lake IN 1275 286 310 1146 1241
2 Porter IN 1127 519 477 2078 1909
3 Noble IN 1097 177 116 708 462
4 De Kalb IN 950 60 60 240 240
5 Marshall IN 1183 512 324 2048 1295
6 Kosciusko IN 1462 465 287 1861 1149
7 Starke IN 804 359 284 1437 1136
8 Whitley IN 880 171 121 684 486
9 Jasper IN 1430 676 672 2703 2690
10 Allen IN 1773 120 149 481 597
11 Newton IN 1069 578 535 2311 2141
12 Fulton IN 945 192 142 769 566
13 Pulaski IN 1095 482 430 1927 1722
14 Wabash IN 1070 290 218 1162 871
15 Huntington IN 949 187 158 746 631
16 Miami IN 945 166 139 663 557
17 Adams IN 920 43 37 172 146
18 Wells IN 940 141 130 563 519
19 Cass IN 1064 349 276 1394 1105
20 White IN 1273 536 548 2144 2192
21 Carroll IN 996 268 289 1072 1156
22 Grant IN 1073 158 158 633 633
23 Blackford IN 462 75 81 298 324
24 Jay IN 1041 117 105 468 419
25 Howard IN 806 238 202 950 807
26 Clinton IN 1057 126 153 505 613
27 Tipton IN 646 169 156 677 623
28 Madison IN 1210 142 147 566 589
29 Delaware IN 1061 171 191 685 765
30 Randolph IN 1199 126 168 505 673
31 Hamilton IN 1066 142 177 569 708
32 Henry IN 1047 73 73 294 294
33 Wayne IN 1087 51 66 203 264
34 Hancock IN 816 55 76 221 305
35 Rush IN 1117 131 159 523 638
36 Fayette IN 598 24 32 95 129
38 Shelby IN 1102 83 155 330 619
39 Franklin IN 985 28 58 111 230
40 Decatur IN 937 77 164 307 658
41 Dearborn IN 857 46 80 184 321
42 Ripley IN 1143 70 155 278 620
43 OH IN 210 9 20 37 81
44 Switzerland IN 601 24 60 96 242
45 La Porte IN 1603 698 566 2790 2265
46 St. Joseph IN 1157 322 236 1289 942
47 Elkhart IN 1204 341 239 1363 958
48 Lagrange IN 978 135 112 540 448
49 Steuben IN 855 42 60 168 240
Total (IN) 49649 10266 9573 41057 38305
50 Mason MI 1331 9 184 37 735
51 Oceana MI 1402 26 282 105 1128
52 Muskegon MI 1331 78 280 311 1121
53 Ottawa MI 1532 219 312 875 1247
54 St. Clair MI 1851 61 13 243 52
55 Macomb MI 1246 9 26 35 105
56 Oakland MI 2373 22 61 89 244
57 Livingston MI 1486 10 49 42 195
58 Allegan MI 2241 482 362 1930 1447
59 Eaton MI 1494 112 154 447 615
60 Barry MI 1474 197 186 786 745
61 Wayne MI 1594 75 97 298 388
62 Washtenaw MI 1891 18 146 71 584
63 Jackson MI 1898 44 98 178 391
64 Kalamazoo MI 1501 316 197 1264 787
65 Calhoun MI 1857 174 182 695 730
66 Van Buren MI 1636 429 314 1715 1255
67 Berrien MI 1541 508 469 2033 1875
68 Monroe MI 1512 4 88 14 354
69 Lenawee MI 1991 28 121 112 484
70 Hillsdale MI 1588 30 100 119 401
71 Branch MI 1351 95 133 379 531
72 St. Joseph MI 1341 373 273 1493 1092
73 Cass MI 1331 436 346 1744 1383
Total (MI) 38793 3755 4473 15015 17889
74 Boone KY 644 24 48 96 193
75 Campbell KY 398 9 23 37 93
76 Kenton KY 426 12 28 48 112
77 Pendleton KY 737 12 38 48 152
78 Gallatin KY 256 8 23 34 91
79 Bracken KY 529 5 14 20 54
80 Grant KY 676 100 100 399 399
142 Brown OH 1271 9 18 36 71
143 Jackson OH 1091 26 56 102 225
144 Pike OH 1128 24 16 95 63
145 Adams OH 1536 72 61 288 244
146 Scioto OH 1607 8 34 30 135
51592 2274 2819 9103 11285Total (OH)
Total (4 States)
119 n OH 1100 36 49 144 196
141 Clermont OH 1204 25 48 101 192
81 Carroll KY 342 92 99 368 397
82 Mason KY 605 4 84 17 334
83 Greenup KY 887 4 35 17 141
84 Owen KY 932 20 83 79 331
85 Lewis KY 1216 3 11 11 46
86 Robertson KY 275 1 6 5 26
87 Harrison KY 796 7 34 30 134
88 Fleming KY 929 2 4 9 17
89 Carter KY 1063 17 32 70 129
90 Boyd KY 416 1 6 4 23
91 Scott KY 747 7 49 28 196
92 Nicholas KY 519 0 8 0 34
93 Rowan KY 761 2 4 7 14
94 Franklin KY 537 15 31 60 126
95 Bourbon KY 738 2 17 7 69
96 Bath KY 735 2 7 7 28
97 Fayette KY 761 30 41 121 164
98 Montgomery KY 520 16 26 63 102
99 Woodford KY 497 2 43 9 172
100 Anderson KY 547 3 51 10 205
101 Clark KY
102 Menifee KY
661
548
14
0
19
5
56
0
74
21
103 Jessamine KY 443 1 37 4 149
Total (KY) 19141 415 1006 1664 4026
104 Lucas OH 873 4 18 16 74
105 Fulton OH 1054 215 158 858 631
106 Williams OH 1088 31 36 122 143
107 Wood OH 1596 7 22 30 90
108 Henry OH 1121 79 79 315 315
109 Deﬁance OH 1065 55 35 219 140
110 Paulding OH 1084 71 53 284 213
111 Hancock OH 1384 94 130 376 518
112 Putnam OH 1243 38 47 151 186
113 Van Wert OH 1052 71 71 286 286
114 Allen OH 1033 70 87 280 348
115 Hardin OH 1211 8 28 34 113
116 Mercer OH 1238 61 58 243 232
117 Auglaize OH 1031 14 36 58 145
118 Logan OH 1222 11 34 46 137
U ion
120 Shelby OH 1048 78 147 314 588
121 Darke OH 1551 94 131 377 523
122 Champaign OH 1114 23 42 94 167
123 Miami OH 1039 182 153 729 613
124 Franklin OH 1442 40 84 162 337
125 Madison OH 1219 143 148 570 593
126 Clark OH 1029 22 29 87 116
127 Fairﬁeld OH 1332 3 16 12 62
128 Montgomery OH 1209 37 59 147 238
129 Preble OH 1107 70 98 280 394
130 Greene OH 1046 34 51 137 206
131 Pickaway OH 1307 12 21 49 86
132 Fayette OH 1049 42 56 167 226
133 Hocking OH 1105 3 10 10 41
134 Warren OH 1073 35 63 141 251
135 Butler OH 1213 65 99 261 397
136 Clinton OH 1100 131 160 525 638
137 Ross OH 1802 42 42 169 169
138 Vinton OH 1071 5 13 20 50
139 Highland OH 1421 40 43 160 173
140 Hamilton OH 1083 144 180 578 720
Table 1: Description of parameters used to calculate CO2 storage capacity
Table 3: Resultant CO2 Storage capacity 
(MMTons) for the Mount Simon Sandstone
for counties where the top of this unit 
is less than 7,000 ft depth.
Michigan; n=24
State 
Area 
(Km2)
Storage Capacity 
(MMT CO2)
       Density
(MMT CO2/Km
2)
Indiana 49,649 41,057 0.8269
Kentucky 19,141 1,664 0.0869
Michigan 38,793 15,015 0.3871
Ohio 51,592 9,103 0.1764
Total 159,175 66,839 0.4199
Four States Assessment (Depth > 7,000 ft)
State 
Area 
(Km2)
Storage Capacity 
(MMT CO2)
       Density
(MMT CO2/Km
2)
Indiana 49,649 10,266 0.2067
Kentucky 19,141 415 0.0217
Michigan 38,793 3,755 0.0967
Ohio 51,592 2,274 0.0440
Total 159,175 16,709 0.1049
Four States Assessment (Depth > 7,000 ft)
GCO = At * ht * φtot * ρ * ξ
Net Porosity FeetAreaMass Density Efficiency Factor
2
This work is funded by the DOE and is part of the regional carbon sequestration assessment being conducted by the Midwest Regional Carbon Sequestration Partnership (MRCSP).
Studies on the relationship of porosity and burial in the Mount Simon Sandstone suggest that porosity generally decreases with depth (figures 2 and 3). 
These data indicate that the decline in porosity with depth is best described by the exponential equation: φ(d) = 16.36 * e-0.00012*d (r2=0.41).
Figure 3: Porosity-depth relationship from core analyses and geophysical
logs in Indiana, Kentucky, Michigan, and Ohio.
Figure 1: Map showing the distribution of the Cambrian Basal 
sandstones in the Midwest Regional Carbon Sequestration
Partnership (MRCSP). Source:Carbon Sequestration ATLAS 
of the United States and Canada (2008). 
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Figure 2: Raster interpolation of data from 400 wells for the top of the Mount Simon
sandstone in the study area (MRCSP Region).
 
Figure 7: Comparison (linear regression) 
between measured and theoretical values
of net porosity feet.
y = 1.1414x - 14.424
R² = 0.8375
0
50
100
150
200
250
0 50 100 150 200 250
M
ea
su
re
d 
N
et
 P
or
os
it
y 
Fe
et
Theoretical Net Porosity Feet
Measured versus Theoretical
Net Porosity Feet
The theoretical values of net porosity feet, on the other hand, were 
calculated using the mean top and bottom surface of the Mount Simon 
Sandstone for each county using the expression:
Measured and theoretical values of net porosity feet were compared on a 
well to well basis (figure 7).
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Figure 8: Three
dimensional portrayal of the
Mount Simon top surface in the Region.
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Figure 10: NW-SE cross section indicationg a proposed 3-part subdivision within the Mount Simon Sandstone. The internal stratigraphy will ultimately control 
the functional/operational capacity of the reservoir.
Figure 9: Storage capacity calculated by county (E=4%) in the Mount Simon Sandstone.
Figure 11: Results from the assessment of a total of 146 counties in which the top of the Mount Simon Sandstone is at or above 7,000 ft in depth. 
Using this criteria may help to delineate more plausible areas for CCS and therefore provide a more accurate estimation of storage capacities,
given that porosity  decreases exponentially with depth. 
Figure 12: Storage capacity per unit area (MM Tons CO2/square km)
as a function of net porosity feet in each county. Yellow rectangles 
indicate interquartile range.
A A’
A suitable parameter to determine pore volume is net porosity feet, which consists of the measured porosity multiplied by the vertical extent measured in each well. 
Geophysical logs that were analyzed include gamma ray, neutron, sonic, and density logs. We calculated net porosity feet in each well with the formula: 
Count = 190
Minimum = 0
Maximum = 698
Sum = 19,140
Mean = 100.73
St. Dev = 138.30
Count = 190
Minimum = 0
Maximum = 2790
Sum = 76,557
Mean = 402.93
St. Dev = 553.17
Statistics:
Statistics:
Theoretical, ξ = 1% Measured, ξ = 1%
159175         16710 17871             66839                71505
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Figure 6: Net Porosity Feet distribution in the Mount Simon Sandstone. The 
raster was interpolated using 128 points from wells with geophysical logs.
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Table 2: Estimated deep saline formation CO2 storage capacity 
estimated by MRCSP and published by DOE (2008).
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